1. Introduction
===============

As one of the most important blood vessels supplying the brain, the internal carotid artery (ICA) rarely mutates during its development. It is important to recognize this rare anomaly, particularly when considering endovascular interventions in the event of cerebrovascular events with revascularization. ICA originates from the third arch artery and the dorsal aorta in normal embryogenesis.^\[[@R1]\]^ The first case of absence of ICA was discovered by Tode in an autopsy on October 10, 1787.^\[[@R2]\]^ Later, Verbiest et al reported the first case of congenital internal carotid artery hypoplasia (CICAH) confirmed by angiography.^\[[@R3]\]^ However, the exact mechanism of CICAH was not clear. Keen et al believed that overbending of the head, excessive pressure and amniotic adhesion caused the absence of ICA.^\[[@R4]\]^ Other studies suggested CICAH was related to the loss of certain genes such as *FOXI3* and 22q11.2.^\[[@R5]--[@R6]\]^ We report a case of left internal carotid agenesis in a middle aged male associated with ischemic stroke.

2. Case report
==============

The patient was a 58-year-old male admitted to our hospital on January 5, 2015 due to barylalia with limited abilities of the left limbs. He had a history of hypertension for 5 years. Five hours before his admission he had barylalia, but could understand the language of others, accompanied with limited abilities of the left limbs. His left upper limb was able to hold things but the patient was unable to stand with the left leg. Neurologic examination at the time of admission showed that the patient was sane with no aphasia, slight shallow left nasolabial sulcus, dysarthria, deviation of tongue to the left, level 4 muscle strength on the left upper limb, level 3 muscle strength on the left lower limb, lack of stability and accuracy in finger-to-nose test with left hand, unable to complete left heel-knee-tibia test, incompliance in Romberg Sign test and no obvious abnormality in other neurologic tests. Neck vascular ultrasound showed bilateral carotid artery atherosclerosis. Craniocerebral enhanced magnetic resonance imaging (MRI) suggested pontine infarction (fresh focus) and formation of right posterior communicating aneurysm with thrombosis. The patient received cerebral angiography which suggested that the left middle cerebral artery originated from the ophthalmic artery segment of the right carotid artery, collateral patency of the anterior communicating artery, left ICA hypoplasia, poor morphology of the basilar artery and basilar artery aneurysm (Figs. [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"}). The diagnosis was:

1.  pontine infarction;

2.  congenital hypoplasia of the left ICA;

3.  basilar artery aneurysms.

![Right carotid artery angiography showed that the left middle cerebral artery originated from the right carotid artery segment of the right carotid artery. The anterior communicating artery was open and bilateral anterior cerebral arteries were visible.](medi-98-e13986-g001){#F1}

![Left carotid artery angiography showed left internal carotid artery hypoplasia.](medi-98-e13986-g002){#F2}

![Right vertebroarterography showed formation of aneurysm at the top of the basilar artery.](medi-98-e13986-g003){#F3}

The patient was treated with Clopidogrel against platelet aggregation, with Lipitor to regulate blood lipids and stabilize artery plaques, with Edaravone to remove oxygen free radicals, with Butyphthalide to protect brain mitochondria, and with Urinary Kallidinogenase to improve microcirculation. The patient\'s condition was improved and left hospital on January 27, 2015.

3. Discussion
=============

3.1. Epidemiological characteristics and clinical manifestations
----------------------------------------------------------------

ICA is one of the most stable arteries in human body, whose hypoplasia is considered very rare. The frequency of CICAH is not very clear. Most cases were identified by ultrasonography, computed tomography (CT) or MRI. It has been reported that the annual incidence of CICAH was about 0.01%.^\[[@R2],[@R7]\]^ CICAH usually occurs unilaterally. Bilateral CICAH has been reported but is even more rare.^\[[@R8]\]^ Interestingly, according to the study of Tran-Dinh et al, hypoplasia of the left ICA was more often observed, whose incidence was about 1.5 times that of the hypoplasia of the right ICA.^\[[@R1]\]^ The case in this report was also left ICA hypoplasia.

Most cases of CICAH can be completely asymptomatic as the patients' collateral circulation, such as the Willis' circle, is well developed.^\[[@R9]\]^ Lie et al first described the 6 types of compensations of ICA circulation in CICAH patients.^\[[@R10]\]^ Type A: in case of absence of unilateral ICA, the anterior communicating artery compensates to the ipsilateral anterior cerebral artery and the enlarged posterior communicating artery to the ipsilateral middle cerebral artery. Type B: the ipsilateral anterior cerebral artery and middle cerebral artery are supplied by the anterior communicating artery. Type C: in case of bilateral hypoplasia of ICA, the anterior circulation of ICA blood supply is compensated by the carotid-vertebrobasilar artery anastomosis of the basilar artery. Type D: in case of unilateral hypoplasia of ICA, blood is supplied to the ipsilateral carotid siphon from the cavernous sinus anastomosis. Type E: the small anterior cerebral artery is supplied by bilateral hypoplasia of ICA and the middle cerebral artery is supplied by an expanded posterior communicating artery. Type F: distal collateral circulation is provided through external carotid artery, internal maxillary artery and skull base anastomosis, that is, the microvascular network of the skull base. In this case, the patient\'s left middle cerebral artery originated from the right carotid artery segment of the carotid artery, and anterior communicating artery compensated to the left anterior cerebral artery, which was similar to the type D mentioned above. The patient was well compensated and did not have any clinical symptom before this onset.

However, there have been some abnormal symptoms reported to be related to CICAH. In general population, the incidence rate of cerebral vascular aneurism is about 2% to 4%, but Zink et al discovered that among the CICAH population the incidence rate of intracranial aneurysm was about 27.8%.^\[[@R11]\]^ The pathogeny of aneurysm is not yet understood, but some studies have suggested it might be related to internal carotid agenesis or hypoplasia. Patient with internal carotid hypoplasia is usually companied with other intracranial vascular variation, which increases the intravascular blood flow volume and velocity, causing hemodynamic changes, and thus increases the incidence of intracranial aneurysm. In this case, basilar artery aneurysm was identified by craniocerebral enhanced MRI and brain angiography, confirming that patients with CICAH are susceptible to intracranial aneurysms. For those aneurysm patients with CICAH, surgery or intravascular repair should be performed in time even without clinical symptoms to reduce abnormal hemodynamic pressure, the risk of hemangioma formation and mortality.

In addition, some CICAH patient can present as recurrent headache, blurred vision, recurrent transient ischemic attack, cranial nerve paralysis, paresis, and Horner\'s syndrome.^\[[@R12]\]^ However, there are some rare symptoms that have been reported to be related to CICAH, such as posterior fossa malformation, arterial lesions, PHACE Syndrome, Goldenhar syndrome, aortic coarctation, and Klippel-Feil syndrome.^\[[@R13]--[@R16]\]^

CICAH is more often seen in children. It was suggested CICAH was associated with endocrinic dysplasia, such as hypopituitarism, growth hormone deficiency^\[[@R17]--[@R19]\]^ and congenital urinary dysfunction.^\[[@R18]\]^ Despite this, currently, there is no general or unified theory that links CICAH with these rare symptoms.

3.2. Imaging
------------

The diagnosis of ICA hypoplasia is mainly based on imaging examination, which includes: magnetic resonance angiography (MRA), digital angiography (DSA), CT angiography (CTA) and skull base thin-layer CT scan. The terms of agenesis and hypoplasia are often used to describe the absence of ICA; however, there are some subtle differences among them. Agenesis refers to complete failure of the artery to develop, hypoplasia is when there is incomplete embryonic development.^\[[@R20]\]^ Agenesis can be differentiated from hypoplasia by establishing the complete absence of the carotid canal.^\[[@R21]\]^ This is because the carotid canal requires the presence of the ICA for its development. Therefore agenesis and hypoplasia of the carotid artery can be distinguished by CT examination of the skull base. In case of CICAH small osseous carotid canal can be observed on skull base CT. In this report, the patient\'s skull base CT images showed hypoplasia of the left osseous carotid canal (Fig. [4](#F4){ref-type="fig"}).

![Left osseous carotid artery hypoplasia.](medi-98-e13986-g004){#F4}

3.3. Treatment
--------------

No guidelines currently exist pertaining to the management of CICAH. Given the asymptomatic and congenital nature of carotid agenesis, no treatment is necessary or possible to re-establish the ICA. However, with the high risk of aneurysm and cerebrovascular insufficiency, management of cerebrovascular risk is important. This includes monitoring of blood pressure and using of antihypertensive drugs, reasonable dietary management with close monitoring of cholesterol, consideration of the use of lipid-lowering agents and quitting smoking. Urgent radiological assessment is necessary for patients with suspicious neurological symptoms, including headache.

In summary, CICAH is a rare disease that is usually without clinical manifestations, or with non-specific clinical symptoms. As the incidence of intracranial aneurysm is much higher in CICAH patients than in general population, regular noninvasive imaging examination, such as MRA or CTA, is recommended for these patients to identify potential aneurysm or to take appropriate measures to reduce or avoid the occurrence of cerebrovascular events. Besides, head and neck surgery is a potential fatal risk for patients with CICAH, which should be well understood by surgeons and patients before making any surgical plans.
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